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FOREWORD 


This  study  —  describing  the  critical  nature  of  selected  blast-produced 
injuries,  the  development  of  tentative  biological  criteria  for  different  levels 
of  blast  and  other  hazards,  and  the  application  of  these  criteria  to  nuclear 
explosions  —  stemmed  from  prior  research  in  two  broad  areas;  namely,  in¬ 
vestigations  concerning  the  Biological  Effects  of  Blast  from  Bombs  carried 
out  for  the  Defense  Atomic  Support  Agency  of  the  Department  of  Defense  and 
work  dealing  with  Selected  Aspects  of  Weapons  Effects  pursued  for  the  Civil 
Effects  Branch  of  the  Division  of  Biology  and  Medicine  of  the  Atomic  Energy 
Commission.  The  material  was  presented  before  the  National  Preparedness 
Symposium  sponsored  by  the  National  Institute  of  Disaster  Mobilization  held 
November  13-15,  1962  at  the  International  Inn  in  Washington,  D.  C. 

The  data,  incorporating  a  comparative  assessment  of  the  range-yield 
relationship  for  selected  "immediate"  hazards  due  to  blast  phenomena  as  well 
as  those  due  to  nuclear  and  thermal  radiation,  are  useful  to  persons  — 
military  and  civilians  alike  —  who  would  develop  a  balanced  understanding  of 
all  the  environmental  variations  which  follow  low-  and  high-yield  nuclear 
detonations.  Since  the  range  of  each  major  biological  effect  scales  differently 
with  yield  and  depends  greatly  upon  the  conditions  of  exposure,  the  relative 
quantitation  of  casualty  potential  is  far  from  a  straightforward  matter.  Too, 
because  the  biological  criteria  developed  and  employed  were  in  many  instances 
the  result  of  extrapolations  of  interspecies  mammalian  studies,  they  must  be 
used  cautiously,  regarded  as  tentative  and  subject  to  future  refinement. 

Finally,  the  material  presented  should  be  viewed  as  a  "sample"  of  the  analyti¬ 
cal  fabric  now  available  to  help  tie  the  source  of  nuclear -induced  environmental 
variations  quantitatively  together  with  various  biological  responses  upon  which 
the  assessment  of  different  levels  of  hazard  depends. 


ABSTRACT 


The  nature  of  certain  critical  lesions  seen  after  exposure  to  air 
blast  was  described  and  the  early  lethality  chai^acterizing  primary 
and  tertiary  blast  damage  was  emphasized  along  with  the  seriousness 
of  injuries  caused  by  blast-energized  debris.  Tentative  criteria  were 
developed  to  the  end  that  different  levels  of  environmental  variations 
caused  by  blast  phenomena  could  be  quantitatively  related  to  various 
levels  of  biological  response.  Using  the  "free-field"  scaling  laws  and 
a  mathematical  model  whereby  translational  velocities  could  be  computed 
for  animate  and  inanimate  objects,  the  criteria  were  applied  to  nuclear 
explosions  ranging  in  yield  from  1  kt  to  100  Mt.  Thus,  it  was  possible 
to  specify,  as  a  function  of  yield,  the  hazard  ranges  inside  which  various 
blast  injuries  might  occur.  At  these  ranges  the  associated  levels  of 
initial  nuclear  and  thermal  radiation  were  computed  to  allow  at  least 
some  assessment  of  the  relative  importance  of  all  the  major  hazards 
from  nuclear  detonations. 
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INTRODUCTION 


It  is  a  pleasure  to  have  this  opportunity  to  speak  about  the  conse¬ 
quences  of  e]q>osure  to  air  blast  which  represents  a  potential  hazard  to 
man  because  of  damage  due  directly  or  indirectly  to: 

(1)  The  pressure  pulse  that  emanates  radially  from  an  esqtlosive 
source; 

(2)  The  high  transient  winds  which  accompany  the  pressure  variations; 

and 

(3)  Events  which  transpire  during  and  after  the  interaction  of  these 
phenomena  with  biological  targets  on  the  one  hand  and  with  materials  com¬ 
prising  the  inrunediate  environment  of  esqposure  on  the  other.  1 

Thus,  it  is  clear  diat  biological  blast  hazards  are  among  the  immediate 
or  early  effects  of  a  nuclear  detonation.  Too,  if  the  ^eld  is  high,  the 
damage  may  extend  over  many  tens  of  square  miles.  *  For  the  purpose  of 
this  discussion,  the  effects  may  be  divided  as  follows: 

( 1)  Primary  effects  are  those  due  to  variations  in  environmental 
pressure; 

(2)  Secondary  effects  are  associated  with  the  impact  of  debris  ener¬ 
gized  by  blast,  shock,  overpressure,  wind  and  often  gravity; 

(3)  Tertiary  effects  comprise  injuries  that  occur  as  a  consequence  of 
gross  bodily  displacement,  and 

(4)  Miscellaneous  effects  are  those  associated  with  non -line -of -site 
thermal  phenomena  due  to  hot'gases  and  dust  and  to  blast-induced  fires. 

Those  concerned  with  the  environmental  medical  aspects  of  nuclear 
blast  must  become  interested  in  matters  of  considerable  complexity.  For 
example.  Table  1  in  broad  terms  describes  six  problem  areas  that  concern 
those  who  would  relate  the  magnitude  of  any  given  environmental  variation 
caused  by  a  nuclear  e3q>losion  with  various  level's  of  biological  response. 

It  is  necessary  first  to  understand  the  uncertainties  involved  in  "free-field" 
scaling;  i.  e. ,  how  various  effects  vary  over  reasonably  flat  terrain  with 
yield,  range,  weapon  design,  burst  conditions  and  weather.  Second,  the 
fact  that  any  "free-field"  effect  may  be  attenuated,  augmented  or  remain 
unaltered  as  a  consequence  of  the  conditions  of  e]q>osure  needs  be  recog¬ 
nized  —  so  also  must  a  third  contingency;  namely,  that  energy  may  be 
transferred  to  animate  as  well  as  inanimate  objects.  Fourth,  biophysical 
interactions  occur  and  energy  is  dissipated  by  or  within  biological  media. 
These  biophysical  factors  relate  to  a  fifth  problem  area  wherein  biological 
response  following  exposure  to  various  levels  of  single  and  multiple  effects 
must  be  studied  if  realistic  hazards  assessment  is  to  be  forthcoming;  i.  e. , 
data  are  needed  which  specify  safe  levels  of  eiqiosure  and  tiiose  associated 
with  performance  decrement,  injuries  and  different  levels  of  lethality. 


TABLE  1 


PROBLEM  AREAS  RELEVANT  TO  BIOLOGIC 
EFFECTS  OF  NUCLEAR  WEAPONS 


Source 

Design 

Yield 

Burst  conditions 

Range 

Weather 

"Free-field" 

scaling 

Attenuation  and 

Augmentation 

Modification  of  "free- 

field"  phenomena  by 
geometric  conditions 
of  exposure 

"Geometric" 

scaling 

Physical 

Interaction 

Fngergy  transfer  to: 
Physical  objects  and 
biological  material 

Secondary 

events 

Biophysical 

Interaction 

Energy  dissipation  by 
or  within  biologic 

targets 

Etiologic 

mechaiiismB 

Biologic 

Response 

Major  medical  syndromes 

Isolated  individual  effects 

and  combined  injury 

Haaard 

Biomedical 

Tasks 

Therapeutic  and  prophy- 

v;  lactic  measures 

Casualty  care 

R  ehabilitation 

Protective  pro¬ 
cedures 

Sixth  and  last*  certain  other  biomedical  tasks  are"  relevant;  namelyi  thera¬ 
peutic  and  prophylactic  measures  involving  casualty  care»  rehabilitation 
and  the  employment  of  feasible  protective  procedures. 

Also,  let  it  be  clear  that  what  is  desired  is  knowledge  about  human 
tolerance  to  blast  exposure.  As  is  the  case  with  many  situations  involving 
highly  dangerous  pathophysiological  responses,  one  must  rely  heavily  in 
the  blast  area  on  extrapolations  and  interpolations  of  data  collected  during 
studies  of  several  mammalian  species  in  the  attempt  to  estimate  quanti¬ 
tative  environmental  parameters  likely  to  be  hazardous  to  man.  In  this 
regard  considerable  data  have  become  available  over  the  past  decade  from 
perusal  of  the  literature  and  from  investigations  carried  out  in  the  labora¬ 
tory  as  well  as  during  full-scale  nuclear  test  operations  at  the  Nevada  Test 
Site.  Among  the  many  findings  applicable  to  nuclear  blast,  three 

groups  of  data  are  thought  to  be  of  interest  to  this  audience.  The  assigned 
time  will  be  used  to  summarize  these  very  briefly  in  a  selective  manner; 
the  discussion  will  include: 

(1)  The  nature  of  the  injuries  which  follow  hazardous  exposure  to 
nuclear  blast; 

(2)  The  development  of  tentative  biological  criteria  whereby  the 
several  environmental  variations  produced  by  blast  may  be  associated 
with  arbitrarily  chosen  levels  of  biological  response;  and 

(3)  Application  of  these  criteria  for  potential  hazards  to  nuclear 
weapons  through  use  of  the  "free-field"  scaling  laws. 

I.  Nature  of  Blast-Induced  Injuries 

Mainly  to  emphasize  the  dangerous  effects  of  exposure  to  air  blast, 
a  few  of  the  most  important  lesions  of  a  critical  nature  will  now  be 
summarized. 

A.  Primary  Blast  Effects 

Characteristically,  exposure  to  appropriate  blast-induced  vari¬ 
ations  in  environmental  pressure  produce  damage  at  or  near  the  junctions 
of  tissues  of  different  density.  17-18,  20,  35-38  xhe  air -containing  organs 
are  special  examples  of  this  and  lung  damage  can  lead  to  events  that  are 
quite  critical  as  will  be  noted  below. 

1.  Lethality-Time 

Figure  1  shows  the  lethality- time  data  over  2  hrs  for  four  mam¬ 
malian  species  exposed  to  "sharp" -rising  overpressures  utilizing  a  shock 
tube.  27  piote  that  within  15  minutes,  lethality  was  near  80  percent  and 
ranged  between  90  and  100  percent  at  1  hr.  For  one  species  studied  ove 
a  30-day,  post-exposure  period,  about  90  percent  esqpired  in  1  day  bn* 
mortality  continued  up  to  the  17th  day  as  noted  in  Figure  2. 


Mortality,  Cumulative  Per  cent 


Guinea  Pig  Mortality  Over  a  30~day  Period 


Time,  Days 


2.  Thoracic  Organs 


The  early  lethality,  typifying  the  primary  blast  effect,  is 
associated  with  damage  to  the  lung  and  the  sequelae  therefrom.  Massive 
pulmonary  hemorrhage  ensues  as  can  be  seen  by  comparing  Figure  3,  a 
normal  lung,  with  Figure  4,  a  lung  from  an  animal  that  expired  from  ex¬ 
posure  to  nuclear  blast  in  the  entryway  of  an  "open"  shelter  at  the  Nevada 
Test  Site.  Also,  air  emboli  enter  the  pulmonary  circulation;  they  are 
then  carried  to  the  heart  and  eventually  reach  various  organs  of  the  body 
via  the  arterial  circulation.  Figure  5  shows  air  emboli  in  the  coronary 
vessels.  A  consequence  is  interference  with  the  vascular  supply  to  the 
myocardium  and  acute  failure  of  the  heart  may  ensue,  a  fact  that  accounts 
for  the  early  demise  of  many  cases  exposed  to  blast  overpressures. 

Subsequent  lethality  is  associated  with  continuing  damage 
to  the  heart  from  small  multiple  air  emboli  and  poor  pulmonary  gas  ex¬ 
change.  The  latter  may  occur  because  of  continued  hemorrhage  into  or 
edema  of  the  lungs,  a  chain  of  events  which  may  produce  suffocation.  Also, 
air  emboli  can  and  do  embarrass  the  functions  of  critical  areas  of  the 
central  nervous  system  including  the  brain.  Survivors  of  the  acute  chal¬ 
lenge  face  the  hazards  of  infective  processes  and  the  outcome  is  critically 
dependent  upon  bed  rest,  avoiding  all  exercise  and  the  use  of  appropriate 
therapeutic  measures. 

It  is  important  to  emphasize  two  additional  points.  First, 
the  primary  blast  lesion  requires  specialized  therapy  carried  out  by 
appropriately  trained  personnel.  Second,  the  nature  of  the  damage  and 
the  early  lethality  associated  with  serious  exposures  both  support  the 
common  sense  conclusion  that  exposure  to  hazardous  overpressures 
should  be  avoided  if  at  all  possible  and  even  at  considerable  cost. 

B.  Secondary  Blast  Effects 

Secondary  missiles  may  produce  various  types  of  injuries  in¬ 
cluding  fractures,  concussion,  lacerations  or  puncture  wounds  of  body 
organs  and  cavities.  The  seriousness  of  the  trauma  is  determined  by  a 
number  of  variables.  Among  them  are:  the  mass,  shape,  character,  and 
velocity  of  the  secondary  missile;  the  angle  of  impact  and  the  area  and 
organs  of  the  body  involved;  and  whether  or  not  penetration  of  the  skin  and 
body  wall  occurs.  Many  of  these  matters  have  been  studied  extensively 
by  those  interested  in  war  casualties  and  wound  ballistics.  Certainly 
many  wounds  caused  by  fast-moving  debris  can  be  acutely  fatal.  Too,  pene¬ 
trations  into  the  serous  cavities  of  the  body  are  almost  always  accompanied 
by  serious  infections,  even  if  a  nearby  organ  escapes  critical  damage.  Like¬ 
wise,  extensive  lacerations  require  proper  care  if  wound  suppuration  is  to 
be  avoided.  In  addition,  fractures  of  the  long  bones  and  other  parts  of  the 
skeleton  often  require  bed  rest  and  expert  care. 

Thus,  it  is  apparent  that  as  far  as  secondary  blast  effects  are  con¬ 
cerned,  prophylactic  measures  calculated  to  avoid  infections  and  preventive 
procedures  conceived  to  avoid  or  minimize  exposure  are  matters  worthy  of 
serious  consideration.  A  glance  at  Figure  6  showing  multiple  lacerations 
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Figure  6 


of  the  face  and  neck  of  an  individual  injured  in  the  Texas  City  disaster^^  will, 
I  think,  emphasize  the  point  just  made. 

C.  Tertiary  Blast  Effects 

Damage  from  gross  bodily  displacement  may  occur  during  the 
accelerative  or  decelerative  phase  of  the  experience.  The  seriousness 
of  the  injury  depends,  among  other  things,  upon  the  magnitude  of  the 
accelerative  or  decelerative  force,  the  time  and  distance  over  which 
these  act,  the  velocity  attained,  and  the  area  and  organ  of  the  body  trauma¬ 
tized.  In  all  probability,  decelerative  events  represent  the  more  important 
hazard,  and,  with  certain  exceptions,  impact  with  a  hard  flat  surface  is 
likely  to  represent  critical  conditions  at  minimal  velocities. 

Lethality -Time  Data 

Though  impact  trauma  has  been  studied  over  many  years,  few 
efforts  have  been  made  to  investigate  mammalian  response  under  con¬ 
ditions  wherein  deceleration  was  almost  instantaneous:  i.  e.  ,  only  body 
tissues  governed  the  stopping  distance  and  time.  Such  experiements  were 
performed  several  years  ago  and  the  time -lethality  data  obtained  when 
impact  velocities  were  in  the  range  to  produce  lethality  within  24  hrs 
proved  to  be  significant.  Figure  7  shows  the  data  for  200  of  455  mammals 
who  failed  to  survive  longer  than  24  hrs  following  impact  with  a  flat  con¬ 
crete  surface  at  various  velocities.  Note  that,  as  with  primary  blast  ex¬ 
posure,  decelerative  impact  is  a  serious  challenge  to  all  species  studied, 
there  being  well  over  70-percent  lethality  within  1  hr  and  over  90  percent 
after  8  hrs.  ^5 

The  pathophysiologic  causes  for  the  demise  of  the  four  species 
studied  is  not  known  with  certainity,  but,  whichever  proves  to  be  the  critical 
organ  or  body  system,  it  is  quite  clear  that  violent  impact  with  a  hard  sur¬ 
face  is  an  experience  to  be  avoided  if  at  all  possible. 

II.  Biological  Criteria 


Biological  criteria  for  blast  damage  depend  upon  data  which  quanti¬ 
tatively  relate  specific  levels  of  biological  response  with  different  levels 
of  specified  variations  in  the  environment.  The  latter  must  be  monitored 
as  near  the  location  of  exposure  as  possible.  Enough  information  now 
exists  to  establish  tentative  criteria  for  certain  conditions  arbitrarily 
chosen  to  represent  the  several  blast  hazards.  These  will  now  be  sum¬ 
marized. 


A.  Primary  Blast 

Currently,  it  is  clear  that  primary  blast  damage  is  largely  a 
function  of  the  rate,  character  and  magnitude  of  the  pressure  rise  and 
fall  and  the  duration  of  the  pulse.  6,  13,  17,  18,  27,  28,  30,  32,  34,41,42 
For  classical  wave  forms  —  those  rising  almost  instantaneously  to  a  maxi¬ 
mum  and  decaying  exponentially  with  time  —  minimal  overpressures  prove 
hazardous  providing  the  pulse  duration  is  beyond  the  critical  duration. 
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24  HOURS 


The  latter  is  species  dependent  and  represents  that  pulse  duration  shorter 
than  which  the  lethal  or  damaging  pressure  rises,  and  longer  than  which, 
only  the  maximal  pressure  is  the  definitive  parameter. 

1.  The  Pressure-Duration  Relationship 

The  above  remarks  are  illustrated  by  the  data  in  Figure  8  for 
six  mammalian  species  exposed  to  "sharp"-rising  pressures  of  various 
pulse  durations.  The  experimental  points  and  curves  represent  the 
relationship  between  pulse  duration  and  that  maximal  overpressure,  which 
on  the  average,  will  produce  50-percent  lethality  (Psq)*  W  interest  is  con¬ 
fined  to  nuclear  yields  of  near  1  kt  or  greater,  only  the  right  side  of  Figure  1 
is  applicable.  This  is  so  because  for  yields  as  low  as  1  kt  the  pulse  duration 
is  as  long  as  90  -  150  msec  for  overpressures  as  high  as  100  psi. 

2.  Extrapolation  to  the  70 -kg  Mammal 

Using  the  400-msec  data  shown  in  Figure  8,  an  extrapolation  — 
given  in  Figure  9  —  was  performed  to  predict  the  P50  for  the  70-kg  mam¬ 
mal.  2o 


3.  Tentative  Estimates  for  Man 


Since  one  does  not  know  whether  man's  tolerance  to  blast 
overpressures  of  long  duration  lies  above,  on,  or  below  the  regression 
line  in  Figure  9,  it  is  currently  necessary  to  set  arbitrarily  a  range  of 
pressure  within  which  adult  human  tolerance  is  likely  to  be.  This  was 
recently  done^^  along  with  procedures  calculated  to  show  the  predicted 
lethality  limits.  The  figures  presented  in  Table  2  also  give  estimates 
of  the  overpressure  likely  to  represent  the  threshold  of  lung  injury  and 
failure  of  the  eardrum.  The  reader  will  note  that  the  pressure  values 
are  set  forth  as  maximal  incident  overpressures  assuming  a  geometry 
of  exposure  that  would  and  would  not  allow  maximal  pressure  reflection; 
e.  g. ,  a  pressure  of  about  6  psi  can  reflect  to  15  psi.  This  fact  is  signiH- 
cant,  as  will  be  seen  later,  in  the  scaling  range  within  which  a  given  blast 
effect  may  occur. 

It  is  important  to  note  that  tolerance,  even  among  mammalian 
species,  has  not  been  studied  in  the  very  old  or  very  young  and  that  there 
have  been  no  systematic  interspecies  studies  designed  to  obtain  a  more 
refined  estimate  of  the  threshold  for  lung  injury.  Be  this  as  it  may,  it 

seems  reasonable  to  believe  that  man's  response  will  not  differ  widely 
from  that  of  other  mammals.  At  least  the  figures  at  hand,  tentative 
though  they  may  be  and  subject  to  future  revision  as  additional  data  be¬ 
come  available,  are  currently  the  best  that  can  be  set  forth. 

4.  General 


Unfortunately  tolerance  for  typical  and  atypical  wave  forms  is 
not  the  same.  Investigations  of  biologic  response  to  smoothly  rising  pres¬ 
sures,  ^  oscillating  pressures,  6  and  those  rising  in  a  stepwise  mannerly. 
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OVERPRESSURE  FOR  50  PER  CENT  LETHAUTY 
AS  A  FUNCTION  OF  DURATION 
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Figure  8 


RELATION  BETWEEN  BODY  WEIGHT  AND  FAST- RISING 
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TABLE  2 


TENTATIVE  CRITERIA  FOR  PRIMARY  BLAST  EFFECTS* 


Related  max 

pressure,  psi 

Critical  organ 
or  event 

Incident 

No  reflection 

Incident 

With  reflection 

Lung  damage:^ 

Threshold 

15 

6.4 

Lethality:^ 

Threshold 

30-42 

12-15 

50  percent 

42-57 

15-19 

Near  100  percent 

58-80 

19-25 

Eardrum  failure:^ 

Threshold 

5 

2.3 

*Applie«  to  "fast"-rising  overpressures  of  "long"  duration' 
occurring  at  location  of  e3q>osure. 

+DaU  from  WT-1179.  TID-5764,  WT-1467,  WT-1470. 
DASA  1242,  1245,  1246,  1271,  and  Richmond,  DASA  Project  - 
Unpublished. 


-16- 


18t  28,  30  ,  32, 41  incomplete.  Though  Uie  P50  *nay  be  increased 

by  as  much  as  50  percent  for  smaller  mammalian  species,  insufficient  data 
on  larger  species  make  it  imprudent  to  formulate  any  estimates  for  the 
human  case. 

B.  Secondary  Blast  Effects 

1.  Penetrating  Missiles 

Some  information  concerning  the  wounding  power  of  small 
glass  fragments  is  available  from  earlier  studies.  Figure  10  shows  the 
missile-mass  relationships  as  they  determine  the  probability  of  piercing 
the  abdominal  wall  of  animals  (about  1  cm  of  skin  and  soft  tissue).  Using 
such  similar  data,  3,  21  was  possible  to  assemble  the  figures  shown  in 
Table  3.  A  10 -gm  glass  fragment  was  arbitrarily  established  as  a  "sample" 
criteria  for  penetrating  missiles.  As  noted  earlier,  any  penetration  into  a 
serous  cavity  of  the  body  will  produce  a  serious  wound  and  diis  can  occur 
in  thin  people  if  the  velocity  is  in  the  ranges  shown  in  the  table. 

It  is  unfortunate  that  similar  kinds  of  data  for  sharp  frangible 
objects  are  not  available  for  the  eye.  However,  those  interested  are  re¬ 
ferred  to  the  work  of  Stewart^^  using  steel  cubes  and  spheres  in  a  study 
of  the  tolerance  of  the  rabbit  eye  to  missile  impact. 

2.  Nonpenetrating  Missiles 

Data  are  available  in  the  liter ature^^"^^  which  allow  tentative 
criteria  to  be  established  for  nonpenetrating  missiles  assuming  that  the 
head  is  the  critical  organ.  Though  it  may  be  that  blows  over  the  liver  and 
spleen  are  equally  hazardous,  relevant  qxiantitative  figures  which  would 
establish  the  relative  significance  of  head,  liver  or  spleenic  trauma  appar¬ 
ently  must  await  the  outcome  of  future  studies.  In  the  meantime.  Table  4 
contains  the  best  available  criteria  based  upon  the  impact  of  a  blunt  bbject 
of  10  lbs,  near  the  weight  of  the  adult  head  of  man. 

3.  Tertiary  Blast  Effects 

a.  The  Impact  Study 

The  interspecies  impact  study  mentioned  previously^^ 
established  the  V5Q  —  the  impact  velocity  with  a  hard  flat  sxirface  associ¬ 
ated  with  50-percent  lethality*  for  four  different  mammalian  species.  The 


^Lethality  in  24  hrs  was  employed  and  the  data  apply  to  ventral 
impact  with  a  flat  concrete  surface  onto  which  the  subjects  were  dropped 
from  increasing  heights. 
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Probability  of  penetration  of  gloss  fragments  into  the  abdomen 
of  0  dog  os  a  function  of  missile  moss  and  impact  velocity. 


tui6  'tteui  •iittiii 


TABLE  3 

TENTATIVE  CRITERIA  FOR  SECONDARY  BLAST  EFFECTS* 


Critical  organ 
or  event 

Related  velocity  for 
10-gm  glass  fragment 
ft/sec"*" 

Skin  laceration: 

Threshold 

50 

Serious  wounds:* 

Threshold 

100 

50  percent 

180 

Near  100  percent 

300 

♦Data  from  AECU-3350  and  WT-1470. 

-(■Figures  represent  impact  velocities  with  unclothed 
biological  target. 
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TABLE  4 


TENTATIVE  CRITERIA  FOR  SECONDARY  BLAST  EFFECTS 


Critical  organ 
or  event 

Related  impact 
velocity  for  10 -lb 
object  ft/sec 

Cerebral  concussion:'*' 

Mostly  "safe" 

10 

Threshold 

15 

Skull  fracture:'*' 

Mostly  "safe" 

10 

Threshold 

15 

Near  100  percent 

23 

’(‘Data  from  Lissner  and  Evans;  Zuckerman  and  Black; 
Gurdjian,  Webster  and  Lissner. 


data  are  given  in  Figure  11  along  with  the  regression  curve  that  shows  the 
relationship  between  average  body  weight  and  the  V50  velocity.  Extension 
of  the  curve  to  the  70 -kg  mammal  allows  one  to  predict  a  Vgo  ft/sec 

(18  mph).  Other  procedures  yielded  values  of  about  20  ft/sec  (14  mph) 
for  the  Vj*  velocity  and  30  ft/sec  (21  mph)  for  the  V99  velocity. 

b.  Tentative  Estimates  for  Man 


The  possible  application  of  such  findings  to  help  assess 
human  tolerance  to  abrupt  impact  has  been  discussed  elsewhere.^^  In¬ 
cluded  was  a  review  of  pertinent  and  helpful  h\unan  data.  Only  three 
matters  will  be  noted  hersk 

First.  Swearingen  et  al.  ,  47  in  ejqperiments  with  human 
volunteers,  reported  that  impact  at  10  ft/sec  was  tolerated  by  subjects 
both  in  the  sitting  and  standing  position.  Second,  with  the  possible  ex¬ 
ception  of  the  liver  and  spleen,  the  head  appears  to  be  the  htmian  organ 
with  the  lowest  tolerance  to  impact.  Third,  Gurdjian  et  al. ,  using  human 
material,  determined  the  relationship  between  impact  velocity  and  the  in¬ 
cidence  of  skull  fracture.  Table  5  was  assembled  from  this  study.  Note 
that  the  threshold  for  skull  fracture  proved  to  be  about  13  ft/sec  (9  mph), 
the  50-percent  value  close  to  18  ft/sec  (13  mph)  and  that  fracttires  were 
reported  in  100  percent  of  cases  at  velocities  equal  to  or  above  about 
23  ft/sec  (16  mph). 

Such  data  allow  one  to  suggest  tentatively  that 

(a)  10  ft/sec  is  a  "saife"  impact  velocity  for  the  adult  human,  and 

(b)  the  sktill-fracture  data  be  adopted  as  one  criteria  of  hazard  for 
tertiary  blast  effects.  It  is  true  that  this  is  a  conservative  approach 
and  may  overemphasize  the  hazard  from  impact  since  it  assumes  that 
the  head  is  the  only  organ  one  should  consider. 

Obviously  if  the  head  escapes  injury  during  an  uncon¬ 
trolled  impact  with  an  unyielding  surface,  other  criteria  are  needed/  For 
such  an  eventuality,  it  is  suggested  that  the  extrapolated  figures  of  20,  26 
and  30  ft/sec  (14,  18  and  21  mph)  for  1-,  50-  and  99-percent  lethality 
obtained  from  the  interspecies  impact  study  be  tentatively  adopted.  The 
authors  are  aware  of  the  many  uncertainties  involved,  but  nothing  more 
reliable  seems  to  be  currently  at  hand. 

Table  6  s\unmarizes  the  figures  discussed  above  and 
sets  forth  specified  biological  response  in  relation  to  relevant  velocities 
of  impact  with  a  hard  flat  surface.  It  is  of  interest  to  point  out  that  the 
lethality  and  skull -fracture  figures  have  an  interesting  parallel  with  a 


*The  velocity  associated  with  near  1 -percent  lethality. 
■fThe  velocity  associated  with  near  100-percent  lethality. 
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IMPACT  VELCKITY  ASSOCIATED  WITH  50  PERCENT  MORTALITY 
AS  A  FUNCTION  OF  AVERAGE  BODY  WEIGHT 


Figure  11 
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Maximum  velocity  without  fracture  -  unstated. 


TABLE  6 


TENTATIVE  CRITERIA  FOR  TERTIARY  BLAST  EFFECTS 


Critical  organ 
or  event 

Related  impact 
velocity 
ft/ sec* 

4. 

Total  body: 

Mostly  "safe" 

10 

Lethality  threshold 

20 

Lethality  50  percent 

26 

Lethality  near-100  percent 

30 

Skxill  fracture:^ 

Mostly  "safe" 

10 

Threshold 

13 

50  percent 

18 

Near  100  percent 

23 

^Applies  to  xuicontrolled  impact  with  a  hard,  flat  surface. 
+Oata  from  DASA  1245;  Swearingen,  McFadden,  Garner  and 
Blethrow;  Zuckerman  and  Black;  Gurdjian,  Webster  and  Lissner. 
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"real-life"  situation;  namely,  urban  automobile  fatalities  as  reported  by 
DeHaven.  These  show  40-percent  lethality  to  be  associated  with  estimated 
vehicular  speeds  of  20  mph  or  less  (29  ft/ sec)  and  70-percent  lethality  with 
speeds  of  30  mph  or  less  (43  ft/sec).  Though  the  figures  do  not  necessarily 
apply  to  abrupt  impact  or  specify  the  actual  velocity  at  which  body  impact 
occurred,  they  do  fix  an  upper  limit.  In  all  probability,  the  correspondence 
between  the  figures  from  Uie  interspecies  extrapolation  and  from  the  auto¬ 
mobile  accidents  represents  more  than  a  happenstance. 

4.  General 


A  few  general  observations  covering  the  criteria  set  forth  above 
are  in  order.  First,  any  biological  criteria  estimating  human  tolerance 
from  mammalian  interspecies  studies  must  be  used  cautiously;  there  are 
uncertainties  related  to  (a)  how  much  human  response  "in  truth"  may  vary 
from  the  mammalian  "average, "  and  (b)  what  the  intraspecies  variation  may 
be  for  man  at  any  specified  age,  including  the  very  young  and  the  very  old. 

Second,  the  criteria  attempt  to  establish  a  quantitative  relation¬ 
ship  between  biological  response  and  a  measurable  environmental  variation. 

It  needs  be  quite  clear  that  this  variation  or  "dose"  refers  to  conditions 
existing  very  close  to  any  exposed  subject  and  not  at  a  distance;  i.  e. ,  not 
outdoors  if  the  individual  is  indoors,  and  not  in  the  middle  of  a  room  if  the 
person  is  exposed  against  a  wall. 

Finally,  the  criteria  set  forth  in  Tables  2  through  6  au 
extensions  and  modifications  of  similar  data  published  elsewhere.^ '* 

That  they  are,  in  some  instances,  different  from  previous  estimates  should 
not  be  surprising.  The  current  figures  are  still  tentative  and  no  doubt  will 
be  updated  periodically  in  the -future  as  investigative  research  efforts  reveal 
new  and  applicable  data. 

III.  Applications  to  Nuclear  Explosions 

A.  General 


Though  there  are  uncertainties  in  the  areas  of  biological  response 
and  hazards  assessment,  there  may  indeed  be  greater  variabilities  involved 
in  attempting  to  relate  such  information  to  nuclear  explosions.  Even  so, 
such  an  exercise  is  instructive,  and  it  is  helpful  to  consider  a  number  of 
relevant  eventualities.  First,  it  is  possible  to  proceed  assuming  that  the 
scaled  "free-field"  effects  parameters  might  approximate  the  environmental 
variations  at  least  for  certain  exposure  conditions;  i.  e. ,  blast  parameters 
obtained  by  "free-field"  scaling  are  assumed  to  be  unmodified  by  the  geometry 
of  exposure.  Said  another  way,  it  is  assumed  that  geometric  scaling  is  not 
necessary.  Even  though  this  may  be  unrealistic,  it  represents  an  essential 
initial  step,  and  interested  and  qualified  individuals  might  later  modify  the 
analysis  according  to  the  dictates  of  geometric  scatling. 

Second,  in  some  cases  simple  geometric  scaling  will  be  employed 
to  help  set  range  limits  for  certain  hazards.  For  example,  if  one  assumes 
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an  exposure  condition  permitting  maximal  reflection  of  overpressure,  all 
other  factors  constant,  this  would  tend  to  maximize  the  range  over  which 
a  relevant  effect  might  occur. 

Third,  the  comparative  assessment  of  hazards  associated  with 
exposure  to  blast  phenomena  and  those  due  to  ionizing  and  thermal  radiation 
should  always  be  kept  in  mind.  It  only  makes  common  sense  to  contemplate 
survival  as  a  stepwise  process  requiring  plans  to  do  those  things  first  that 
assure  survival  for  milliseconds,  then  seconds,  minutes,  hours  and  days, 
etc.  A  progression  of  this  thinking  which  "says"  (a)  do  first  what  is 
necessary  to  avoid  the  most  far-reaching  immediate  effect,  then  (b)  re¬ 
assess  the  problem  and  (c)  repeat  the  process  —  soon  allows  one  to  know 
that  eventually  a  great  deal  of  attention  must  be  paid  to  the  interrelations 
of  the  major  effects  which  occur  at  close  range.  As  will  be  seen,  this  in¬ 
cludes  all  the  potential  blast  hazards. 

Fourth,  as  will  be  noted  briefly  below,  considerable  data  are  now 
available  to  help  assess  the  translational  potential  of  blast  phenomena  for 
missiles  and  man,  and  therefore  a  helpful  contribution  can  be  set  forth  in 
the  problem  area  termed  "Secondary  Events"  in  Table  1. 

B.  Translational  Data 


It  was  evident  years  ago  that  work  should  be  carried  out  to  estab¬ 
lish  a  relationship  between  "free-field^*  blast  parameters  and  the  aero¬ 
dynamic  characteristics  of  objects  that  might  be  displaced,  be  they  sticks, 
stones,  frangible  materials,  or  man.  As  early  as  1954,  plans  were  under¬ 
way  to  determine  theoretically  and  empirically  what  the  translational 
velocities  might  be  as  functions  of  yield,  range,  and  distance  of  travel* 
for  objects  having  various  areas,  masses  and  drag  coefficients. 

During  the  1955  and  1957  test  series  over  ZO,  000  missiles  were 
traroed  in  a  way  that  allowed  their  impact  velocities  to  be  determined^' 

22,  z9  under  a  variety  of  e3q>osure  conditions  for  e]q>losive  yields  that 
ranged  from  about  10  to  40  kt.  Also  the  translation  of  anthropometric 
dununies  was  studied.  A  mathematical  model  was  designed  using  the 
empirical  data  as  a  guide..  The  model  is  now  available  for  predicting  the 
translation  of  objects  as  tiny  as  small  slivers  of  glass  and  as  large  as 
adult  man.  Though  the  model  only  applies  strictly  to  ideal  wave  forms 

and  only  has  been  validated  empirically  for  10-  to  40-kt  yields,  it  never¬ 
theless  allows  one  to  tie  translational  data  known  to  be  biologically  hazard¬ 
ous  to  blast  parameters  which  in  turn  can  be  related  to  e3q>losive  yield  and 
range  through  the  scaling  laws. 


*Distance  of  travel  refers  to  the  blast-induced  translation  of  an  object. 
It  is  important  because  in  gaining  velocity  an  object  moves  over  a  finite 
distance  in  a  finite  time.  Hence,  velocity  achieved  —  up  to  a  maximum  — 
increases  with  both  translational  distance  and  time. 
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C.  Prediction  of  Potential-Hazards  Ranges 


Examples  will  now  be  presented  in  detail  making  use  of  the 
analytical  criteria  previously  mentioned  and  the  "free-field"  scaling  laws. 
Initially,  and  except  where  noted,  this  exercise  will  be  limited  to  a  20-Mt 
surface  burst  at  sea  level. 

1.  Primary  Blast 

For  the  20-Mt  surface  burst,  Table  7  shows  the  ranges  over 
which  specified  primary  blast  hazards  might  be  expected.  "Safe"  distances 
are  noted  as  well  as  the  range  inside  which  eardrum  failure,  lung  damage 
and  lethality  might  occur.  Also,  the  table  shows  the  levels  of  initial  nuclear 
and  thermal  radiation  that  can  be  predicted  for  the  ranges  shown  using  the 
"free-field"  scaling  laws.  Thermal  fluxes  were  computed  in  duplicate,  one 
series  for  a  50 -mi.  the  other  for  a  10 -mi  visibility. 

It  is  evident  that  the  potential  for  primary  blast  damage  to 
personnel  may  extend  as  far  from  ground  zero  as  7  to  12  mi  for  the  ear, 

4  to  7  mi  for  lung  injury,  and  3  to  5  mi  for  lethality,  depending  upon  whether 
the  conditions  of  exposure  do  or  do  not  allow  maximal  reflection  of  the  "free- 
field"  incident  overpressure. 

2.  Secondary  Blast 

Table  8  similarly  sets  forth  the  predicted  ranges  inside  of  which 
10 -gm  glass  fragments*  wotild  have  the  specified  velocities  and.  hence,  might 
produce  the  noted  secondary  blast  hazards.  The  procedures  used  assumed 
that  a  given  structure  faced  the  blast  wave  and  that  the  overpressures  would 
undergo  reflection;  the  range  data  were  so  computed.  This  was  done  because 
the  Nevada  experience  showed  frangible  material  mounted  in  the  wall  of  ex¬ 
posed  structures  behaved  in  accordance  with  the  reflected  pressure  and  not 
as  material  mounted  in  the  open.  Also,  it  must  be  pointed  out  that  the  cal¬ 
culations  were  made  arbitrarily  for  a  translational  distance  of  10  ft.  Data 
available,  however,  allow  computations  for  other  desired  distances  6f  missile 
travel  as  well  as  for  other  types  of  debris  providing  the  acceleration  coefficient^ 
is  known  or  can  be  determined. 

It  is  evident  that  the  range  for  possible  injury  from  missiles 
reaches  out  to  20  mi.  a  distance  much  greater  than  the  most  far-reaching  pri¬ 
mary  blast  hazard  —  ear  damage  at  12  mi.  The  latter,  however,  is  about 
the  same  as  is  the  maximal  range  of  12  mi  for  the  threshold  of  serious  pene¬ 
trating  wounds  due  to  missiles. 

Table  9  presents  range  data  and  related  effects  parameters  for 
the  criteria  applicable  to  injury  from  the  impact  of  a  10-lb  bl\mt  object  with 


*Applies  to  double -strength  window  glass. 

fAcceleration  coefficient,  a  =  ^  .  C^;  A  =  area  presented  to  the  wind; 
m  =  mass;  =  drag  coefficient. 
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*Free-field  scaling  according  to  The  Effects  of  Nuclear  Weapons,  Revised  Edition. 
♦Computed  for  an  air  density  ratio.  p/P^*  ot  1.0. 
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RANGE  FOR  SPECIFIED  SECONDARY  BLAST  HAZARDS  AND  ASSOCIATED 
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Range-velocity  relations  from  The  Effects  of  Nuclear  Weapons,  Revised  Edition,  and 
CEX-58.  9- 

♦♦Maximum  velocity  attained.  Acceleration  coefficient,  a,  of  10-lb  stone  =  .  02  sq  ft/lb. 
■fComputed  for  an  air-density  ratio,  p/p  ,  of  1.0. 


the  human  head.  It  is  clear  that  within  a  range  of  16  mi  the  potential 
exists  for  this  type  of  secondary  blast  injury. 

3.  Tertiary  Blast 

a.  20-Mt  Surface  Burst  at  Sea  Level 


The  ranges  for  the  various  potential  hazards  from  dynamic 
dccolerative  impact  and  the  other  associated  effects  parameters  are  set 
forth  in  Table  10  for  the  20-Mt  surface  burst  at  sea  level.  Velocity  compu¬ 
tations  were  made  for  a  translational  distance  of  10  ft.  The  acceleration 
coefficient  employed  was  0.03  ft^/lb  which  applies  to  an  average  adult  man 
in  random  orientation.  This  happens  to  be  a  figure  between  the  acceleration 
coefficient  for  an  individual  exposed  face-on  and  side-on  to  the  blast  wave. 
Note  that  the  mostly  "safe"  range  is  as  far  as  14  mi  from  ground  zero.  Much 
inside  this  distance,  the  incidence  of  impact  injury  can  be  expected  to  rise. 

b.  Maximizing  Burst  Heights  —  20  Mt 

As  an  example  of  how  variation  in  the  burst  height  might 
influence  the  prediction  of  the  hazard  range.  Table  11  was  prepared.  Com¬ 
putations  were  made  for  those  burst  heights  which  would  maximize  the  range 
of  the  overpressures  associated  with  the  specified  translational  velocities. 
Translational  distance  was  "fixed"  at  10  ft.  The  associated  nuclear-  and 
thermal -radiation  data  were  scaled  on  a  slant-range  basis,  but  corrected 
to  the  ground  range  shown. 

For  the  "maximizing"  burst  condition  the  mostly  "safe" 
range  is  predicted  to  be  25  mi  from  ground  zero,  11  mi  farther  than  for  the 
surface  burst.  It  is  interesting  also  to  point  out  that  the  burst  conditions 
which  maximize  the  ranges  of  the  tertiary  blast  hazards  tend  to  lower  the 
"free-field"  levels  of  both  nuclear  and  thermal  radiation.  A  comparison  of 
the  last  two  columns  of  Tables  10  and  11  show  that  thermal  fluxes  may  de¬ 
crease  two  to  fourfold. 

c.  The  Velocity  Displacement  Relationship  —  Sea-Level 

Burst  of  20  Mt 

Placing  a  constraint  of  10  ft  upon  displacement  distance, 
as  was  done  in  the  computations  noted  above,  does  not  allow  full  appreciation 
of  the  displacement  potential  of  the  long-duration  blast  winds  associated  with 
high  explosive  yields.  To  illustrate  better  the  possible  human  hazard.  Fig¬ 
ure  12  was  prepared  showing  the  displacement  velocity  as  a  function  of  dis¬ 
tance  of  travel  for  specified  overpressures  applicable  to  a  20-Mt  yield 
exploded  at  the  surface  at  sea  level.  It  is  clear  that  distances  of  travel  be¬ 
tween  about  100  and  1000  ft  are  required  before  maximal  velocities  of  between 
about  15  and  500  ft/ sec  would  be  reached  for  overpressures  varying  from  1.5 
to  25  psi. 


Figure  12  is  also  useful  in  another  way;  it  allows  one  to 
contemplate  displacement  hazards  in  terms  of  the  dimension  of  work  space 
or  in  terms  of  distance  from  a  decelerating  surface  such  as  a  wall.  For 
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TABLE  10 
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VELOCITY  vs.  DISPLACEMENT  for  l65Hb  MAN-20-MT  SEA-LEVEL  SURFACE  BURST 
COMPUTED  for  ACCELERATION  COEFFICIENT* .OSsq  ft/lb;  Po»l4.7psi;  Co*lll7  ft/sec 


example,  only  a  foot  of  travel  is  required  to  reach  the  skull>fracture  threi 
hold  of  13  ft/sec  if  the  overpressure  is  between  5  and  6  psi.  The  associate 
range  for  these  overpressures  is  about  6.  8  to  7.  5  mi. 

4.  Summary  of  Comparative  Effects  Data  for  20-Mt  Sea-Level 
Sur/ace  Burst 


It  is  instructive  to  study  the  blast-hazard  data  for  the  20-Mt 
sea-level  surface  burst  as  a  function  of  increasing  range  from  ground  zero 
This  allows  a  comparative  perspective  to  be  developed  which  is  more  mear 
ingful  if  other  effects  parameters  also  are  included  as  has  been  done  in 
Table  12.  From  top  to  bottom,  the  figures  in  the  range  column  show  pro¬ 
gressively  increasing  ranges  inside  of  which  the  specified  biological  effect 
or  event  can  be  expected.  Data  from  The  Effects  of  Nuclear  Weapons^  wei 
used  to  scale  the  crater  and  fireball  radii  and  the  ranges  for  initial  nuclea 
anu  thermal  radiation.  The  nuclear -radiation  threshold  dose  was  assumed 
to  be  100  rems  for  emergency  conditions.  Thermal  radiation  was  compute 
for  10-  and  50-mi  visibilities;  4  and  10  cal/cm^  were  used  as  the  values 
associated,  respectively,  with  first-  and  second-degree  burns  of  the  expos 
white  skin. 


Table  12  illustrates  very  well  the  fact  that  primary,  seconda: 
and  tertiary  blast  effects  may  produce  injury  over  considerable  ranges  fro 
ground  zero.  Their  relative  importance  compared  with  thermal  and  initial 
nuclear  radiation  also  is  indicated,  but  in  reality  assessment  needs  be  ma< 
in  terms  of  exposure  conditions.  For  example,  lethality  threshold  for  pri 
mary  blast  may  range  from  3  to  5  mi  from  ground  zero.  At  these  distance 
initial  ionizing  radiation  apparently  would  be  no  problem  even  if  the  scaled 
doses  were  increased  by  factors  of  10.  Thermal  fluxes,  however,  might 
range  from  380  to  1400  cal/cm^,  which  could  or  could  not  represent  an 
immediate  hazard  to  personnel  depending  upon  conditions  of  exposure. 

Definitive  information  regarding  relevant  geometric  scaling  i 
not  at  hand.  It  is  not,  however,  just  academic  to  note  two  things:  First, 
the  Nevada  Test  Site  in  1957,  mammals  were  recovered  from  underground 
closed  shelters  located  840  ft  (0.  16  mi)  from  a  700-ft  tower  on  which  a  43< 
burst  was  detonated.  The  slant  range,  about  0.  2  mi,  is  about  equal  to  the 
predicted  m^imal  fireball  radius.  There  were  no  thermal  problems  insit 

the  shelter.  ^*49 

Second,  living  mammals  were  recovered  in  1955  and  1957 
from  underground  structures  tested  with  open  entryways.  In  one  in¬ 

stance  the  "free-field"  thermal  fluxes  were  well  over  500  cal/cm^.  The 
majority  of  the  species  exposed  exhibited  only  mild  singeing  of  the  fur,  thi 
those  located  close  to  the  main  entryway  were  severely  burned,  apparentl'i 
hot  gases  and  dust  carried  into  the  structure  by  the  blast  wave.  Though  tl 
matters  are  little  understood,  ^0-52  it  is  clear  that  considerable  thermal  |: 
tection  from  direct  thermal  radiation  can  occur  at  certain  locations  inside 
appropriate  structures  even  if  they  are  open  at  btirst  time. 


TABLE  12 

COMPARATIVE  BIOLOGICAL  EFFECTS  AS  A  FUNCTION  OF  RANGE 
FOR  20-MT  SURFACE  BURST  AT  SEA  LEVEL 


Biological  event 
or  effect 

Range 

mi 

Maximum 

'incident 

overpressure 

psi 

Initial 

nuclear 

radiation’* 

rems 

Thermal  radiation 
50 -mile  10 -mile 

visibility  visibility 
cal/cm^  cal/cm^ 

Crater:  inside  radius, 
dry  soil 

.33 

>  200 

>  lo"^ 

>  10® 

>  10® 

Crater:  outside  radius, 
dry  soil 

.65 

>  200 

>  10^ 

3900 

3000 

Initial  nuclear  radiation: 
injury,  threshold 

2.4 

50 

100 

2300 

1800 

Fireball  radius,  maximum 

2.6 

42 

23 

1900 

1500 

Primary  blast:  lethality, 
threshold  —  without  pres¬ 
sure  reflection 

3.0 

30 

2.  5 

1400 

1100 

Lung  damage,  threshold  — 
without  pressure  reflection 

4.2 

15 

<  1 

700 

500 

Primary  blast:  lethality, 
threshold  —  maximum 
pressure  reflection 

4.  7 

12 

<  1 

540 

380 

Lung  damage,  threshold  — 
maximum  pressure 
reflection 

6.6 

6.4 

<  1 

260 

180 

Eardrum  failure,  thres¬ 
hold  —  without  pressure 
reflection 

7.  5 

5.0 

<  1 

200 

130 

Impact  injury:  lethality, 
threshold'*' 

9.6 

3.  3 

<  1 

110 

72 

Eardrum  failure,  thres¬ 
hold  —  maximum  pres  - 
sure  reflection 

12 

2.  3 

<  1 

70 

42 

Impact  injury:  skull  frac¬ 
ture,  threshold'*' 

12 

2.  3 

<  1 

70 

42 

Serious  wounds  from  10-gm 
glass  fragments,  threshold'^ 

12 

2.  3 

<  1 

70 

42 

Impact  injury,  threshold'*' 

14 

1.8 

<  1 

49 

28 

Skin  lacerations  from  10-gm 

glass  fragments,  threshold'*'  20  1.0  <1  21  11 

Skin  burns  —  second  degree, 

10-mi  visibility  21  0.95  <1  10 

Skin  burns  —  second  degree, 

50-mi  visibility  28  0. 64  <1  10 

Skin  burns  —  first  degree, 

10-mi  visibility  29  0. 60  <  1  4 

Skin  burns  —  first  degree, 

50-mi  visibility  41  0. 37  <1  4 


Window  glass  fails _ 130 _ 0.  1 


■(■Computed  for  an  air -density  ratio,  p/  p  ,  oi 
+After  10  ft  of  travel. 


5.  The  Range -Yield  Relationship  for  Biological  Blast  Effects 

To  further  illustrate  the  application  of  the  biological  blast  cri¬ 
teria  to  nuclear  explosions,  charts  were  prepared  showing  the  range-yield 
relationship  for  each  blast  effect. 

a.  Primary  Blast 

For  example.  Figure  13  graphically  presents  the  primary 
blast  data  for  sea-level  surface  bursts  for  yields  ranging  from  1  kt  to  100  Mt. 
The  bottom  four  curves  show  range  as  a  function  of  yield  for  the  indicated 
incident  overpressures  assuming  no  pressure  reflection.  The  top  four  curves 
give  the  same  data  except  that  maximal  reflection  of  overpressure  was 
assumed:  e.  g. ,  2.3  psi  will  reflect  to  5  psi,  6.  4  to  15  psi,  etc. 

b.  Secondary  and  Tertiary  Effects 

Figures  14  and  15  similarly  show  the  ranges  inside  which 
the  indicated  missile  and  displacement  hazards,  respectively,  can  be  expected 
for  sea-level  surface  bursts  varying  in  yield  from  1  kt  to  100  Mt.  ■ 

c.  Comparative  Threshold  Data 

Using  the  threshold  criteria  for  eardrum  failure,  for  lung 
injury  (both  with  and  without  maximum  pressure  reflection),  for  skin  lacera¬ 
tions,  and  for  gross  body  impact.  Figure  16  was  prepared  to  illustrate  how 
the  comparative  ranges  of  the  several  blast  effects  vary  with  explosive  yield. 

It  is  clear  from  the  different  slopes  of  the  curves  that  the  relative  ranges  for 
the  different  blast  effects  vary  significantly  with  yield.  This  is  particularly 
evident  for  the  displacement  data  for  man. 

Finally.  Figure  17  allows  one  to  assess,  on  the  "free- 
field"  basis  at  least,  the  range-yield  values  for  initial  nuclear  and  thermal 
radiation  compared  with  the  most  far-reaching  as  well  as  the  most  significant 
blast  effects.  Only  three  comments  will  be  offered  here. 

First,  the  data  indicate  that  even  for  explosive  yields  as 
low  as  10  kt,  secondary  and  tertiary  blast  effects  have  a  very  important 
casualty  potential.  Second,  for  yields  above  100  kt,  primary,  secondary 
and  tertiary  blast  effects  are  comparatively  quite  significant. 

Third,  for  yields  of  1  Mt  and  above,  all  blast  effects  are 
strong  competitors  for  the  attention  of  perceptive  individuals  interested  in 
the  relative  hazards  from  all  the  major  weapons  effects.  Indeed,  for  persons 
exposed  indoors  and  shielded  from  direct  thermal  radiation,  secondary  and 
tertiary  blast  effects  almost  certainly  represent  the  major  causes  for  early 
lethality  and  serious  injury  from  nuclear  explosions.  Further  —  and  in  fact 
particularly  at  the  closer  ranges  —  primary  blast  damage,  embodying  an  un¬ 
equivocal  and  highly  dangerous  capability  for  producing  acute  death,  also 
deserves  the  highest  respect  by  all  responsible  persons  who  would  achieve  a 
sound  and  balanced  appreciation  of  the  biological  effects  of  nuclear  weapons. 
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RANGE-YIELD  RELATIONSHIP  for 

INDICATED  PRIMARY  BLAST  DAMAGE; SEA-LEVEL  SURFACE  BURSTS 
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Figure  14 


RANGE-YIELD  RELATIONSHIP  for  INDICATED  TERTIARY  BLAST  DAMAGE  to 


Figure  15 
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Figure  16 


COMFVVRATIVE -EFFECTS  DATA  SHOWING  RANGES  INSIDE  WHICH 


lOKT  50  lOOKT  IMT 

Yield 


1957  of  buried  structures  ft  245  psi,  the  design  of  underground  shelters 
exposed  in  1957  at  170  psi’^  from  which  living  mice  were  recovered,  the 
successful  performance  in  1955  of  buried  shelters  at  about  90  psi,  the 
recovery  in  1955  of  living  mammals  from  a  modification  of  these  employed 
without  doors  to  study  blast  effects,^  and  biological  experiments  in  1953  in¬ 
dicating  survival  in  buried  long-tubular  structures  of  simple  design  and  with 
open  entryways  at  about  15  psi.  ^ 


These  and  other  data  indicate  that  protection  against  blast  —  indeed 
against  all  major  weapons  effects  —  is  technically  feasible  at  least  at  the  200 
psi  level.  This  statement  is  written  knowing  full  well  that  the  200  psi  range 
from  a  20  Mt  sea-level  surface  burst  is  about  1.  3  mi,  ^  a  distance  outside 
the  scaled  crater  lip  at  near  0.  7  mi^  and  inside  the  maiximal  fireball  radius 
of  2.  6  mi.  ^ 


In  closing  I  wish  to  quote  an  appropriate  passage  from  a  paper  published 
a  few  years  ago:^® 


"Last  but  with  eqxial  simplicity,  those  who  contemplate  the 
physics  and  biology  of  blast  effects  and  succeed  in  relating 
such  information  to  modern,  large-scale  explosives,  will 
know  that  prevention  and  prophylaxis  comprise  the  course 
of  sagacity.  Too,  those  who  have  used  vaccination  along 
with  epidemiologic  and  sanitary  principles  in  support  of 
so\md  clinical  care  to  save  the  sick  and  gain  long  term  con¬ 
trol  of  communicable  disease,  understand  the  impact  of 
knowledge  and  action  contrasted  with  the  futility  of  hoping  a 
given  epidemic  would  just  disappear.  Nuclear  explosives 
are  with  us  today  and  will  not  just  disappear.  The  world 
after  1945,  the  year  the  first  atomic  explosion  occurred  in 
New  Mexico,  is  not  the  same  as  it  was  before.  Times  have 
changed.  So  also  must  the  habits  of  man.  Even  now  the 
future  is  measuring  the  adaptability  of  people  and  societies 
the  world  over.  For  sure,  only  the  most  flexible  will 
survive. " 
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SUMMARY 


A  summary  of  the  material  presented  in  this  commimication  follows: 

1 .  By  way  of  introduction  it  was  pointed  out  that: 

(a)  Air  blast  could  be  hazardous  because  of  injuries  due  directly 
or  indirectly  to  blast  pressurest  winds  and  the  interaction  of  these  phenom¬ 
ena  with  animate  objects  and  with  materials  comprising  the  exposure 
environment; 

(b)  Biological  blast  effects  were  divided  into  the  following  cate¬ 
gories;  primary  effects  due  to  variations  in  environmental  pressure; 
secondary  effects  due  to  the  impact  of  blast-energized  debris;  tertiary  effects 
that  occur  as  a  consequence  of  gross  bodily  displacement;  and  miscellaneous 
effects  encompassing  exposure  to  dust,  non-line-of-sight  thermal  phenomena 
such  as  hot  gases  and  debris  and  blast-induced  fires; 

(c)  Interested  individuals  who  would  think  about  biological  effects 
of  nuclear  weapons  should  direct  attention  to  several  problem  areas;  viz. , 
"free-field"  and  geometric  scaling,  secondary  events,  etiologic  mechanism, 
biological  response  and  hazards  assessment  and  biomedical  tasks; 

(d)  The  objectives  of  the  presentation  would  be  selectively  limited 
to  a  discussion  of  the  nature  of  blast-produced  injuries,  the  development  of 
criteria  for  different  levels  of  biological  response  and  the  application  of 
these  criteria  to  nuclear  esqplosions. 

2.  Primary  blast  damage  to  the  lung  was  noted  as  an  outstanding  criti¬ 
cal  lesion  responsible  for  subsequent  development  of  arterial  air  emboli, 
pulmonary  hemorrhage  and  edema  and  the  rapid  and  high  lethality  character¬ 
istic  of  the  primary  blast  syndrome.  Also,  it  was  noted  that  lethality  can 
be  delayed  as  long  as  17  days  in  mammals. 

3.  That  damage  from  penetrating  and  nonpenetrating  blast-energized 
missiles  was  in  many  ways  similar  to  war  wounds  from  fragments  and  pro¬ 
jectiles  was  pointed  out,  as  was  the  serious  nature  of  penetrations  into 
serous  cavities  or  injuries  to  critical  organs,  which  in  the  latter  case  might 
be  rapidly  fatal. 

4.  Although  tertiary  blast  damage  associated  with  whole -body  displace¬ 
ment  might  occur  from  accelerative  or  decelerative  events,  the  overriding 
importance  of  the  latter  was  noted.  Interspecies  mammalian  studies  of  the 
effects  of  impact  with  a  hard  surface  were  described  to  illustrate  that  rapid 
and  early  lethality  also  characterizes  the  impact  syndrome. 

5.  The  unequivocal  and  highly  dangerous  character  of  blast-produced 
lesions  and  the  need  for  timely  and  expert  medical  care  were  cited  to  empha¬ 
size  the  desirability  of  avoiding,  preventing  or  sharply  minimizing  blast 
injuries. 
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6.  Tentative  biological  criteria  applicable  to  blast-produced  events 
occurring  very  close  to  a  human  target  were  set  forth  as  follows: 

(a)  For  want  of  data  applicable  to  atypical  wave  forms,  the  pri¬ 
mary  blast  criteria  were  limited  to  typical  "fast"-rising  overpressures 
of  long  duration.  They  were: 


Eardriim  failure  threshold 

5  psi 

Lung  damage  threshold 

15  psi 

Lethality  threshold 

30-42  psi 

Lethality  near  50  percent 

42-57  psi 

Lethality  near  100  percent 

58-80  psi 

(b)  Secondary  blast  criteria  were  arbitrarily  established  for  a 


10-gm  glass  fragment  and  a  10-lb  blunt  object  impacted  with  the  head. 

They  were: 

Penetrating  missiles 

Skin-laceration  threshold 

50  ft/sec 

Serious -wound  threshold 

100  ft/sec 

Serious  wotinds  near  50  percent 

180  ft/ sec 

Serious  wotinds  near  100  percent 

300  ft/sec 

Nonpenetrating  missiles 

Mostly  "safe" 

10  ft/sec 

Concussion  threshold 

15  ft/sec 

Skull  fracture  threshold 

15  ft/sec 

Skull  fracture  near  100  percent 

23  ft/sec 

(c)  Tertiary  blast  criteria  were  arbitrarily  established  for  decel- 
erative  impact  with  a  hard  flat  surface  involving  the  head  and  the  whole  body. 
They  were: 

Mostly  "safe" 

10  ft/sec 

Skull  fracture  threshold 

13  ft/sec 

Skull  fracture  near  50  percent 

18  ft/ sec 

Lethality  threshold  (whole  body) 

20  ft/sec 

Skull  fracture  near  100  percent 

23  ft/sec 

Lethality  near  50  percent 
(whole  body) 

26  ft/sec 

Lethality  near  100  percent 
(whole  body) 

30  ft/sec 
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7.  The  criteria  were  applied  to  nuclear  explosions  through  use  of  the 
"free -field"  scaling  laws  and  employment  of  a  recently  developed  mathe¬ 
matical  model  for  predicting  from  blast  parameters  the  translational 
velocities  of  different  objects.  Translational  velocities  were  computed  at 
displacement  distances  of  10  ft  in  all  but  noted  instances.  The  predicted 
maximal  ranges  inside  which  the  specified  biological  blast  effects  could  be 
expected  were  computed  for  a  20-Mt  sea-level  surface  burst.  These  ranges 
were: 


Skin  laceration  threshold 

20  mi 

Impact  injury  mostly  "safe" 

14  mi 

Serious  missile  wound  threshold 

12  mi 

Impact  injury,  skull  fracture  threshold 

12  mi 

Eardrum  failure  threshold  (maximum 
pressure  reflection) 

12  mi 

Skull  fracture  near  50  percent 

10  mi 

Impact  injury,  lethality  threshold 
(whole  body) 

9.  6  mi 

Skull  fracture  near  100  percent 

9.  0  mi 

Impact  lethality  near  50  percent 

8.  4  mi 

Impact  lethality  near  100  percent 

7.  8  mi 

Eardrum  failure  threshold  (no  pressure 
reflection) 

7,  5  mi 

Lung  damage  threshold  (maximum 
pressure  reflection) 

6.  6  mi 

Primary  blast  lethality  threshold  (maximum 
pressure  reflection) 

4.  7  mi 

Lung  damage  threshold  (no  pressure 
reflection) 

4.  2  mi 

Primary  blast  lethality  near  100  percent 
(maximum  pressure  reflection) 

3.  0  mi 

Primary  blast  lethality  threshold 
(no  pressure  reflection) 

3.  0  mi 

Primary  blast  lethality  near  50  percent 
(no  pressure  reflection) 

2.  6  mi 

Primary  blast  lethality  near  100  percent 
(maximum  pressure  reflection) 

2. 2  mi 

8.  To  illustrate  how  much  burst  height  could  increase  the  range  of 
blast  effects,  computations  using  the  tertiary  blast  criteria  were  made  for 
a  20-Mt  explosion  burst  at  those  heights  that  would  maximise  the  ground 
range  of  these  blast  effects;  the  comparative  figures  were: 
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Maximizing 

burst 

heights 

Surface 
burst 
sea  level 

Impact  injury  mostly  "safe" 

25  mi 

14  mi 

Skull  fracture  threshold 

21  mi 

12  mi 

Skull  fracture  near  50  percent 

17  mi 

10  mi 

Impact  lethality  threshold  (whole  body)  16  mi 

9.  6  mi 

Skull  fracture  near  100  percent 

15  mi 

9.  0  mi 

Impact  lethality  near  50  percent 
(whole  body) 

14  mi 

8.  4  mi 

Impact  lethality  near  100  percent 
(whole  body) 

12  mi 

7.  8  mi 

9.  Graphic  data  were  presented  for  the  20-Mt  sea-level  surface  burst 
to  show  how  man's  displacement  velocity  increases  with  translational  dis¬ 
tance.  In  approximate  numbers  the  data  were: 

Displacement  Velocity 

distance  in 

ft  ft/sec 

Associated 

maximum 

overpressure 

psi 

Range 

in 

mi 

1 

3.4-19 

1.5-25 

16-3.3 

10 

9-150 

1.5-25 

16-3.3 

100 

14-350 

1.5-25 

16-3.3 

120 

15  (max) 

1.5 

16 

180 

27  (max) 

2.2 

13 

300 

55  (max) 

3.7 

9 

425 

100  (max) 

5.9 

6.9 

600 

160  (max) 

8.8 

5.6 

850 

300  (max) 

14.  7 

4.3 

1200 

500  (max) 

25 

3.  3 

10.  The  biological  criteria  were  graphically  presented  to  show  the 
ranges  inside  which  the  several  specified  effects  might  occur  for  yields 
ranging  from  1  kt  to  100  Mt  scaled  for  sea-level  surface  bursts. 


11.  To  allow  comparison  of  blast  with  other  effects,  doses  of  initial 
nuclear  radiation  and  fluxes  of  thermal  radiation  were  computed  and  tabu¬ 
lated,  using  the  "free-field"  scaling  laws,  for  those  ranges  inside  which  the 
specified  biological  blast  effect  could  be  expected.  For  the  same  purpose 
the  yield-range  relationships  for  first-  and  second-degree  burns  and  for 
100  and  200  rem  doses  of  initial  nuclear  radiation  were  compared  graphi¬ 
cally  with  those  for  several  biological  blast  effects. 
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12.  The  results  of  the  study  were  briefly  discussed,  and  though  the 
biological  criteria  employed  were  noted  as  tentative,  incomplete  and  in 
need  of  future  extension  and  refinement,  their  application  to  nuclear  ex¬ 
plosions  as  a  function  of  yield  and  range  clearly  indicated  that  blast 
hazards  must  be  regarded  as  a  major  cause  of  injury  and  fatality  if  there 
ever  were  a  nuclear  war. 

13.  Also,  the  desirability  of  avoiding  exposure  to  blast  phenomena  was 
emphasized.  Mentioned  as  possible  alternatives  for  accomplishing  this 
were  diplomatic,  political,  military  and  domestic  approaches  and  policies 
as  well  as  highly  important  technical  considerations. 

14.  Among  the  latter  were  the  architectural  and  engineering  principles 
that  made  eacperiments  possible  at  the  Nevada  Test  Site  indicating  protection 
up  to  200  psi  was  technically  feasible. 
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Commanding  Officer  It  Director 

U.S.  Naval  Civil  Engineering 

Lab.,  Port  Hueneme,  California 

ATTN:  Code  LSI  1 

Commanding  Officer,  U.S.  Naval 
Schoola  Command,  U.S.  Naval 
Station,  Treasure  Island, 

San  Franclaco,  California  1 

Superintendent 

U.S.  Naval  Postgraduate  School 
Monterey,  California  1 


Commanding  Officer,  Nuclear 
Weapons  Training  Center, 

Atlantic,  U.S.  Naval  Base, 

Norfolk  11,  Va.,  ATTN: 

Nuclear  Warfare  Dept  1 

Commanding  Officer,  Nuclear 
Weapons  Training  Center, 

Pacific,  Naval  Station, 

San  Diego,  California  1 

Commanding  Officer,  U.S.  Naval 
Daamge  Control  Tag  Center, 

Naval  Base,  Philadelphia  12,  Pa 

ATTN:  ABC  Defense  Course  1 

Commanding  Officer 

U.S.  Naval  Air  Development 

Center,  Johnsville,  Pa 

ATTN:  NAS,  Librarian  1 

Commanding  Officer,  U.S.  Naval 
Medical  Research  Institute, 

National  Naval  Medical  Center, 

Bethesda,  Maryland  1 
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Officer  In  Charge,  U.S.  Naval 
Supply  Reaearch  L  Developaent 
Faelllty,  Naval  Supply  Center, 
Bayonne,  New  Jeraey 

CoHundant 

n.S.  Marine  Corps 

WaAlngton  25,  D.C. 

ATTN:  Code  AOSH 

DISTRIBUriGN 

AIR  FOBCB  AOBNCXBS 

Air  Force  Technical  Application 
Center,  Hq  USAF, 

Taahln^on  25,  D.C. 

Hq  USAF.  ATTN:  Operations 
Analysis  Office,  Vice 
Chief  of  Staff, 

Vaahlngton  25,  D.C. 

Air  Force  Intelligence  Center 
Hq  USAF,  ACS/1  (AFOIN-3VX) 
Washington  25,  D.C. 

Assistant  Chief  of  Staff 
Intelligence,  HQ  USAFB,  AFO 
633,  New  York,  N.T.  ATTN: 
Directorate  of  Air  Targets 

Director  of  Research  A 
Development,  DCS/D,  Hq  USAF, 
Washington  25,  D.C. 

ATTN:  Ouldance  A  Wi.apons 
Division 

CcsBHUider 

Tactical  Air  Ccssuuid 
Langley  AFB,  Virginia 
ATTN:  Doc  Security  Branch 

The  Surgeon  General 
Hq  USAF,  Washington  25,  D.C. 
ATTN:  Blo-Def  Pre  Med  Dlv 


Conaander 

Tactical  Air  Conaumd 
Langley  AfB,  Virginia 
ATTN:  Doc  Security  Branch 

Cc— ander 

Air  Defenae  Cowand 
Bnt  AFB,  Colorado, 

ATTN:  Aaalatant  tor  Atoaile 
Energy,  ADUX:-A 

Conaander,  HQ  Air  Reaearch  U 
Development  Conaand,  Andreva 
AFB,  Waahlngton  25,  D.C. 

ATTN:  RDRIIA 

Coaaander,  Air  Force  Balllatlc 
lUaalle  Divlaion  Hq  AROC, 

Air  Force  Unit  Poat  Office, 

Los  Angelea  45,  California 
ATTN:  WDSOT 

Caeauaider-in-Chief ,  Pacific 
Air  Forcea,  APO  953,  San 
Franclaco,  California,  ATTN: 
PFCIE-MB,  Baae  Recovery 

Commander,  AF  Caidtrldge 
Reaearch  Center,  L.Q.  Hanaeoai 
Field,  Bedford,  Maaaachuaetta, 
ATTN:  CRQST-2 

Commander,  Air  Force  Special 
Weapona  Center,  Kirtland  AFB, 
Albuquerque,  New  Mexico,  ATTN: 
Tech  Info  L  Intel  Dlv 

Dlrect<»ry 

Air  Unlveralty  Library 
Maxwell  AFB,  Alabama 

Commander 

Lowry  AFB,  Denver,  Colorado 
Attn:  Dept  of  Sp  Wpna  Ibg 

Commandant,  School  of  Aviation 
Medicine,  USAF  Aeroapace  Med¬ 
ical  Center  (ATC)  Brooka  AFB 
Tbx  ATTN:  Col  Oerrit  L.  Hekhuia 
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CoMwnter 

1009th  8p  fj|>na  Siiuadroa 
Hq  USAFf  Iteshlngton  25,  D.C. 

Cn— tnder 

WJrli^t  Air  DttvalopMnt  Canter 
Wrl^t-Pntteraon  AFB,  Ohio 
ATTN:  WCOSl  3 

Director,  USAF  Project  Rend, 

VIA: US  Air  Force  Llelscn  Office 
The  Rand  Corporatian,  1700 
Main  Street,  Santa  Monica, 

California  3 

Co—ander,  Air  Defenae  Syatena 
Integration  Dlviaion,  L.G. 

Hanacon  Field,  Bedford,  Maaa 

ATTN:  SIDB-S  1 

A 

Caaaander,  Air  Tschnlcal  Intell- 

Ingence  Center,  U8AF,  Vrlght- 

Patteraon  Air  Force  Baae,  Ohio 

ATTN:  AFCIN-4Bla,  Library  1 

DISTRIBUTION 

OTHER  AGRIICIBS 

Director  of  Defenae  Reaearch 
and  Engineering, 

Vaahlngton  25,  D.C« 

AnN:  Tech  Library  1 

Director,  Veapona  Syatena 
Bvaluatlon  Group,  Root  IB880 
The  Pentagon 

Waahington  35,  D.C.  1 

U.S.  Docunenta  Officer 

Office  of  the  United  Statea 

National  Military  Repreaenta- 

tive-SHAPB  APO  55,  NT.,  N.T.  1 

Chief 

Defenae  Atoaiic  Support  Agency 
Waahington  25,  D.C. 

ATTN :  Docuaent  Library 

*Reduee  to  3  cya  for  all  FVB  reporta  4* 
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COHWiMtorf  Fl«ld  CoMumd 
DUSA,  SandlA  BaM, 

Albuquar<iiM,  Maw  Itozlco 

CaMMndar,  Flald  Pn— nd 
EA8A,  Sandla  Baaa 
Albu^rqua,  Maw  Maxlco 
ATTN:  FCTQ  1 

CoBBaadar*  Flald  CoBaand 
DASA,  Sandla  Baaa 
Albuquartpia,  Baa  Mazleo 

ATIM:  FCVT  2 

AdBlnlatrator,  National 
Aaronautlea  k  Spaea  Adalnla- 
tratlon,  1S20  V  Straat  N.W. 

Waahlngton  25,  D.C.,  ATTN: 

Mr.  R.V.  Rhode  1 

CoBBander-ln-Chlal 
StratoKle  Air  CoBBand 
Offutt  AFB,  Mdbraaka 

ATTN:  OAWS  1 

Coauadant 
U.8.  Coaat  Guard 
1300  B.  Straat,  NV 
WaahlnMtoa  25,  D.C. 

ATTN:  (OIN)  1 


SPECIAL  DISTRIBUTION 

U.S.  AtOBle  Bnargy  CoBBlaalon 
Waahlngton  25,  D.C. 

ACTN:  Ghlaf,  Civil  Bf facta  Branch 

Dlvlalon  of  Biology  and  Madlolna  450 

Abardaan  Proving  Ground,  Hd. 

Balllatlo  Raaaareh  Laboratarlaa 

Tamlnal  Balllatlea 

Attn:  Hr.  Bobart  O.  Clark,  Phyaleiat 

Mr.  Wllllaa  J.  Taylor,  Vkyaiolat  2 
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Airborne  Instruments  Lebooretory 

Department  of  Uedlelne  and  Blolofleal  Physlee 

Deer  Park,  Long  Island,  Maw  York 

Attn:  Hr.  W.  J.  Carberry  1 

Air  Force  Special  Weapons  Center 
Klrtland  Air  Force  Base 
Albuipierque,  M.U 

Attn:  Mr.  R.  R.  Blrukoff,  Research  tnglneer  1 

Air  Research  A  Develepawnt  Command  Hqs. 

Andrews  Air  Force  Base 
Washington  25,  D.C. 

Attn:  Brig.  Gen.  Benjasdn  Strickland 

Deputy  Director  of  Life  Sciences  1 

AlReseareh  Manufacturing  Coiqiany 
9851-9951  Sepulveda  Blvd. 

Los  Angeles  25,  California 

Attn:  Hr.  Frederick  H.  Green,  Assistant  Chief, 

Preliminary  Design 

Dr.  James  M.  Waggcner,  Medical  Director  B 

AeResearch  Manufacturing  Co^iany 
Sky  Harbor  Airport 
402  South  36th  Street 
Phoenix,  Arlsona 
Attn:  Delano  DebaryShe 

Leighton  S.  King  8 

American  Airlines,  Inc. 

Medical  Services  Division 
La  Guardla  Airport  Station 
Flushing  71,  N.T. 

Attn:  Dr.  Kenneth  L.  Stratton,  Medical  Director  1 

Brooks  Air  Force  Base 

United  States  Air  Force  Aerospace  Medical  Center  (ATC) 
School  of  Aviation  Medicine 
Brooks  Air  Force  Base,  Texas 

Attn:  Brig.  Gen.  Theodore  C.  Bedwell,  Jr.,  Commandant 
Col.  Paul  A.  Campbell,  Qilef,  Space  Medicine 
Dr.  Hubertus  Strughold,  Advisor  for  Research  h  3 
Professor  of  Space  Medicine 
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Hm  Boalng  Coapany  3 

P.  0.  Box  3707 
SMttl*  34,  Vaahlactoa 

Attn:  Dr.  Thrift  0.  Banka,  Dlraotor  of  Hoaltti  A  Safaty 

Dr.  Bonnay  H.  Loary,  Manatar,  Spaoa  Madlelna  Braaeh 

Dr.  F.  Wamar,  J^.,  Bpaea  Madlelna  Saetlen 
P.O.  Box  3915 

Ghanoa  Voui^t  Astronautloa  5. 

P.  0.  Bax  6907 
Dallaa  82,  Taxaa 

Attn:  Dr.  CharloB  f .  Gall,  ehlaf  Llfa  Belanoas 
Dr.  Lathan 

Mr.  Baxon  MeKlnnay,  Llfa  Belaaeaa  Saetloa 
Mr.  C.  O.  Millar 

Mr.  A.  1.  Slblla,  Manacar  Spaea  Selaneaa 

Chaaleal  Corpa  Baaaareh  A  Davalepaant  fnaaanil  8 

Chaaloal  Baaaaxeh  A  Davalopaant  laboratarlaa 
Amy  Chaaleal  Oaatar,  Md. 

Attn:  Or.  Prad  V.  Btaalar 
Dr.  B.  8.  Aadaraea 


Civil  Aareaadlcal  Baaaareh  Inaltluta  1 

Oklahaaa  City,  Oklahoaa 
Attn:  Olraetor  of  Baaaareh 


Convalr  Dlvlaloa,  Oanaral  Dynaalea  Coorpa.  8 

Fort  Worth,  TOsna 
Attn:  Mr.  H.  A.  Bodoly 
Mr.  Sehrolhar 

Coaralr  -  Ganaral  Dynaalea  Corporation  8 

Mall  Boaa  1-713 

P.  0.  Box  1900 

8aa  Dlaco  18,  California 

Attn:  Dr.  B.  C.  Amatronc,  Ghlaf  Phyalolan 

Or.  J.  C.  Clark,  Aaalatant  To  Floa-Praaldant  BaclnaarliW 
Mr.  Jaaaa  Daapaay 

Or.  L.  L.  Loary,  GAlaf  Staff  Syetaae  Bvalaation  Qraop 
Mr.  M.  H.  Ihlal,  Oaalgn  Spaolallat 

Dr.  B.  A.  Man  (Mall  Zoaa  6-104) 

Mr.  W.  F.  Baotor,  III  (Mall  Boaa  580-40),  P.O.  Box  1138 

Mr.  B.  C.  8abold,  Vlea-Praaldant  ffinlnaarlin 
Convalr  Ganaral  Offloaa 
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DafmiM  Atoale  Suppor  Ag«ney 

Dapartaant  of  Dafanae 

riald  CoaMnd 

Sandla  Baaa,  Mdw  Maxleo 

Attn:  Col.  8.  W.  Cavandar.  Suxfaon 


Tlia  Olkaaood  Corporation  1 

4805  Hanaul  Blvd.,  M.B. 

Albuquarqua,  Kev  Maxleo 

Douglaa  Aircraft  Coapaay.  Inc.  8 

Bl  8agundo  Dlvlalon 
B1  8agundOt  California 
Attn:  Mr.  Barvay  Olaaanar 
Dr.  B.  B.  Konaoel 

Fadaral  Aviation  Agency  1 

Waahlngton  25,  D.C. 

Attn:  Dr.  Jaaaa  L.  Goddard,  Civil  Air  Burgaon 

Goodyear  Aircraft  Corporation  1 

Dapartaant  475,  Plant  H 

1210  Maaalllon  Road 

Akron  15,  Ohio 

Attn:  Dr.  A.  J.  Cacloppo 

Harvard  School  of  Public  Haalth  1 

Harvard  Unlvaraity 
695  Huntington  Avenue 
Boaton  15,  Maaa. 

Attn:  Dr.  Roaa  A.  McFarland,  Aaaoelata  Profaaaor 

of  Induatrlal  Hyglana 


Mr.  Xannath  Kaplan  1 

Phyalclat 

Broadvlaa  Raaaarch  Corporation 
1811  Trouadala  Drlva 
Burllngaaa,  Calif. 

Lockheed  Aircraft  Coapany 
8ulte  302,  Firat  Hatlonal  Baid:  Bldg. 

Burbank,  California 
Attn:  Dr.  Charlea  Barron 
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Lockheed  Aircraft  Corporation 
Lockheed  Missile  and  Space  Division 
Space  Physics  Department  (53-33) 

Sunnyvale,  California 

Attn:  Dr.  W.  Kellocs,  Scientific  Assistant  to 

Director  of  Research 
Dr.  Heinrich  Rose 

Lockheed  Aircraft  Corporation 
1122  Jagels  Road 
Palo  Alto,  California 

Attn:  Dr.  L.  Eugene  Root,  Missile  Systems  Director 

Lovelace  Foundation  for  Medical  Education  and  Research  SO 

4800  Gibson  Blvd.,  SB 
Albuquerque,  N.H. 

Attn:  Dr.  Clayton  S.  White,  Director  of  Research 

The  Martin  Company  1 

Denver,  Colorado 

Attn:  Dr.  James  0.  Gaume,  Chief,  Space  Medicine 

McDonnel  Aircraft  Company 

Lambert  Field 

St.  Louis,  Missouri 

Attn:  Mr,  Henry  F.  Creel,  Chief  Airborne  Equipment 

Systems  Engineer 

Hr.  Bert  North 

National  Aeronautics  and  Space  Administration  1 

1520  "H"  Street,  N.W. 

Washington  25,  D.C. 

Attn:  Brig.  Gen.  Charles  H.  Roadman,  Acting  Director, 

Life  Sciences  Program 

Naval  Medical  Research  Institute  1 

Bethesda,  Md. 

Attn:  Dr.  David  B.  Goldman,  H8C,  Commander 

Department  of  the  Navy  1 

Bureau  of  Medicine  h  Surgery 
Washington  35,  D.C. 

Attn:  Capt.  G.  J.  Duffner,  Director,  Submarine  Medical  Division 
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Korth  AMrleui  Aviation 
International  Airport 
liO#  Aogoloa  45,  Calif. 

Attn:  Seott  Croaaflold 

Or.  Toby  Fraadnan,  Flight  Surgaon 
Mr.  Frad  A.  Payna,  Manager  Space  Planning, 

Davalopnant  Planning 
Mr.  Harrlaon  A.  Stoma 

Office  of  the  Olmetor  of  Dafanaa  Raaaareh  A  Engineering  1 

Pentagon 

Washington  25,  D.C. 

Attn:  Col.  John  M.  Talbot,  Chief,  Medical  Services  Division, 
Room  301050  Office  of  Selanea 

The  Ohio  State  University  S 

410  West  10th  Avenue 
Colunbus  10,  Ohio 

Attn:  Dr.  William  F.  Ashe,  Chairman,  Department  of 

Preventive  Medicine 
Dean  Richard  L.  Helling 

The  RAND  Corpomtlon  S 

1700  Main  Street 
Santa  Monica,  Calif. 

Attn:  Dr.  H.  H.  Mitchell,  Physics  Division 
Dr.  Harold  L.  Brode 

Republic  Aviation  Corporation  3 

Applied  Research  4  Development 
Famlngdale,  Long  Island,  N.T. 

Attn:  Dr.  Alden  R.  Cranford,  Vice-President 

Life  Sciences  Division 

Dr.  William  H.  Helvey,  Chief,  Ufa  Sciences  Dtvlslon 
Dr.  William  J.  O'Donnell,  Life  Sciences  Division 

Sandla  Corporation  5 

P.  0.  Bok  5800 
Albuquerque,  Hew  Mexico 

Attn:  Dr.  C.  F,  Quote,  Director  of  Research 
Dr.  S.  P,  Bliss,  Medical  Director 
Dr.  T.  B.  Cook,  Manager,  Department  5110 
Dr.  M.  L.  Merritt,  Manager,  Department  5130 
Mr.  L.  J.  Vortaan,  5112 


System  Development  Corporation 
Santa  Monica,  California 
Attn:  Dr.  C.  J.  Roach 
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United  Arlcreft  Conpeny  1 

Denver,  Coloredo 

Attn:  Dr.  George  J.  Kidere,  Hedleel  Director 

Laboratory  of  Nuclear  Medicine  h  Badlatloa  Biology  2 

Bohool  of  Medicine 

University  of  California,  Los  Angeles 

900  Veteran  Avenue 

Los  Angeles  24,  California 

Attn:  Dr.  0.  M.  MeDoonel,  Associate  Professor 
Dr.  Benedict  Cassen 

university  of  Illinois  1 

Chicago  Professional  Colleges 
840  Wood  Street 
Chicago  12,  Illinois 

Attn:  Dr.  John  P.  Marbarger,  Director,  AeroBodlcal  Laboratory 

Uhlverslty  of  Kentucky  1 

School  of  Medicine 
Lexington,  Kentucky 

Attn:  Dr.  Loren  D.  Carlson,  Professor  of  Physiology 

A  Biophysics 


University  of  New  Mexico  1 

Albu({uerq:ue,  New  Mexico 
Attn:  Library 

U.  S.  Naval  Ordnance  Laboratory  2 

White  Oak,  Maryland 
Attn:  Capt.  Richard  H.  Lee,  MSC 
Mr.  James  F.  Moulton 

U.  S.  Naval  School  of  Aviation  Medicine  1 

U.  S.  Naval  Aviation  Medical  Center 
Pensacola,  Florida 

Attn:  Capt.  Ashton  Grayblel,  Director  of  Research 

Or.  Shields  Warren  1 

Cancer  Research  Institute 

New  Bngland  Deaconess  Hospital 

194  Pilgrim  Road 

Boston  15,  Mass. 

Wrl^t  Air  DevelopsMnt  Center  2 

Aeromedlcal  Laboratory 
Wrli^t-*Patterson  Air  Force  Base,  Ohio 
Attn:  Conmandlng  Officer 

Dr.  Henning  B.  vonOlerke,  Chief,  Bioacoustics  Laboratory 
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Dr.  lugmr  Z»o3prr 
Dirrcter.  Sl»ek  L*bor«t«ry 

F.  0.  lox  IM 
ItelvrrsltF  St*tio« 

Albuqtwrqu*.  ■txico 

Aratd  Srrrler*  tkclmic*! 
Arlinctea  1*11  Static* 
ArliiCtOB  13 > 

OaMMBdlac  Officer 

O.  S.  Saival  »»ap«“  l*k«P«tory 

0*klcm>  Tirciaia 
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